) distinguishes between at least three separate effects. Class i mode of action is the one exhibited by quinidine, procainamide, and lignocaine among others. It is recognized from recordings of transmembrane potentials from heart muscle cells (Ling and Gerard, I949) and appears in such recordings as a depression of the maximal rate of depolarization of the cell membrane. The class 2 mode of action consists of inhibition of adrenergic activity, either at the receptor site or by interference with the release of sympathetic transmitters. The class 3 mode of action is also demonstrated with the micro-electrode technique. This mechanism is a prolongation of the action potential, a delayed repolarization. Such a mechanism has been shown in atrial tissue during hypothyroidism (Freedberg, Papp, and Vaughan Williams, I970) and is the mode of action of amiodarone (Singh and Vaughan Williams, 1970).
beneficial antiarrhythmic effects from the drug. The treatment was discontinued in 2 patients due to corneal opacifications. In all patients right atrial monophasic action potentials were recorded with the bipolar suction electrode technique before treatment and in 8 patients after at least 4 weeks of treatment. The atrial monophasic action potential was prolonged in all patients after amiodarone treatment and increased on average from 234 msec to 308 msec. The findings demonstrate the specific mode of action of the drug and the use of monophasic action potential recordings to identify patients who, theoretically, could benefitfrom antiarrhythmic drugs whose action is to delay repolarization.
It is now generally accepted that various antiarrhythmic drugs have quite different modes of action. A recently suggested classification (Vaughan Williams, I973 ) distinguishes between at least three separate effects. Class i mode of action is the one exhibited by quinidine, procainamide, and lignocaine among others. It is recognized from recordings of transmembrane potentials from heart muscle cells (Ling and Gerard, I949) and appears in such recordings as a depression of the maximal rate of depolarization of the cell membrane. The class 2 mode of action consists of inhibition of adrenergic activity, either at the receptor site or by interference with the release of sympathetic transmitters. The class 3 mode of action is also demonstrated with the micro-electrode technique. This mechanism is a prolongation of the action potential, a delayed repolarization. Such a mechanism has been shown in atrial tissue during hypothyroidism (Freedberg, Papp, and Vaughan Williams, I970) and is the mode of action of amiodarone (Singh and Vaughan Williams, 1970) .
Recently it was shown that patients with a tendency to relapse to atrial fibrillation after DC conversion to sinus rhythm had a fast atrial muscle Received 23 May I973. 1 This study was supported by grants from Medical Research Council and The Swedish National Association against Heart and Chest Diseases.
repolarization estimated from recordings of atrial monophasic action potentials (Olsson, Cotoi, and Varnauskas, I97Ia) -recordings which, though not having the same amplitude, are representative of the real transmembrane action potential during the repolarization phase (Hoffman et al., i959) . The short monophasic action potential duration was thus an indication of a liability to arrhythmia in these patients. The present study was therefore initiated in order to study the action of a class 3 antiarrhythmic drug -amiodarone -on the atrial monophasic action potentials and the heart rhythm in patients with different kinds of atrial tachyarrhythmias.
Subjects and methods
Nine patients with different kinds of atrial tachyarrhythmias were included in the study. They were all treated earlier with other antiarrhythmic drugs but had failed to respond satisfactorily. Amiodarone had never been given to any of the patients before. Table i illustrates the age, sex, diagnosis, and medication in the individual patients.
Without changing the earlier medical treatment which was believed to be optimal, the patients were investigated by recording their atrial monophasic action potentials using the percutaneous suction electrode technique, and using disposable monophasic action potential recording catheters2 (Olsson, Varnauskas, and 2ABO Korsgren, I97Ib). The 4 patients who were converted by direct current shock to sinus rhythm from atrial fibrillation were investigated with monophasic action potential recordings in direct connexion with the conversion. After this recording, amiodarone was added to the earlier medication in a dose of 200 mg 3 times daily for one week, thereafter 200 mg once daily. A second atrial monophasic action potential recording was then obtained at least 4 weeks after amiodarone treatment had started. There was no other change of treatment during this time. The clinical effects and the side effects of the regimen were also assessed from 4 weeks after amiodarone treatmnent was started and subsequently. Microscopical examination of the cornea was done before amiodarone treatnent as well as i and 6 months thereafter.
Results

Antiarrhythmic effect
The clinical effect of amiodarone as assessed from after 4 weeks' treatment and subsequently is shown in Table i . Of the 9 patients, 8 had subjective or objective improvement of their arrhythmias. In the 5 patients with paroxysmal atrial fibrillation, the assessment of the effectiveness of the drug was based on the number of attacks experienced by the patient. In the 4 patients who were converted from atrial fibrillation by DC shock, the effect of treatment was good as they all stayed in sinus rhythm for a longer time than after earlier DC conversion: they had all relapsed to atrial fibrillation within i month after DC conversion on earlier occasions. Only i patient (Case 3) has so far relapsed into atrial fibrillation during treatment with amiodarone, 5 months after the treatement was started. Side effects Corneal opacification appeared in 5 patients and was the reason for discontinuing treatment in 2 Fig. 2 where the atrial potentials before and after amiodarone treatment have been superimposed so that they can be directly compared. Table 2 illustrates the individual values of monophasic action potential duration from all recordings. It also shows that the heart cycle length has become longer after 4 weeks of amiodarone treatment.
Discussion
Of 5 patients with paraoxysmal atrial fibrillation, 4 improved with treatment, so that 2 of them had no further attacks after 3 weeks of treatment. Amiodarone also prevented relapse to atrial fibrillation after DC conversion in all 4 patients. The antiarrhythmic effect of amiodarone in this study agrees with the findings of other studies, where it has proved effective in various kinds of paroxysmal or chronic atrial tachyarrhythmias (Van Schepdael and Solvay, 1970; Garrigues, I97I) . It must, however, be remembered that neither the present, nor any of the above cited studies has been controlled with randomization to alternative treatnents. In the present study, most patients have, in addition, had a combination of other antiarrhythmic drugs.
We have noted corneal opacification in 5 of the 9 patients. Careful observations in larger series have revealed that such opacifications appear in nearly all patients (Pochulu, 1970; Verin et al., I97I) , when they are given 6oo mg amiodarone daily. The nature of these changes is still unknown (Pochulu, I970; Vrin et al., I97I) . Often they do not cause functional disturbances (Pochulu, 1970; Vrin et al., I97I) and are slowly reversible after the drug is discontinued (Pochulu, I970; Vrin et al., 197I) . In spite of this, we have hestitated to continue Vaughan Williams, I970). The patients in the present study have received 2 to 3 mg/kg body weight for 4 weeks. In spite of this low dose, their atrial monophasic action potentials are prolonged by about 30 per cent. This prolongation is much more pronounced than could be accounted for by the lower heart rate during the second recording (S. B. Olsson, unpublished observations). The fact that amiodarone decreases heart rate is well known from other studies (Franchiset-Garnier, I97I). The monophasic action potential prolongation is also much more pronounced than could be expected from intra-atrial differences in monophasic action potential duration (Olsson, I97Ia) or from errors in the measurement of the monophasic action potential (Olsson, 1972) . It is thus obvious that the effect of amiodarone prolonging the atrial muscular action potentials, previously demonstrated, also takes place in human beings given the drug in clinical doses. In vitro studies have shown that amiodarone also prolongs the action potential of rabbit ventricular muscle about as much as that of the atrial muscle (Singh and Vaughan Williams, 1970) . As the QT time can be used for interpretation of the duration of the ventricular monophasic action potential duration (Olsson, I972), and as amiodarone prolongs the QT interval (Franchiset-Garnier, 197I), it is likely that there is a prolongation of the human ventricular monophasic action potential as well after treatment with amiodarone.
It has been reported that the range of atrial monophasic action potential duration in 29 patients who had never had any atrial dysrythmia was 2I0 to 413 msec (Olsson) . In the present study, several patients had monophasic action potential durations which were lower than, or close to the lower limit of those found in the arrhythmia-free population. 
